Computational Methods
Both quinones in the RC have a dominant hydrogen bond donation to the O4 atom from nearby imidazole nitrogen atoms, Fig 1. To model this we have used 2,3-dimethoxy-5-methyl-6-isoprenyl-1,4-benzoquinone, with hydrogen bond donation from a water molecule at the O4 position of the quinone ring, Fig S1(a) . Two orientations of the water molecule with respect to the O4 position were used in the geometry optimization, with the water molecule placed on either the C3 or the C5 side of the carbonyl. The resulting 13 C methoxy hyperfine couplings calculated as a function of the 2-methoxy dihedral angle lead to essentially identical results for the two water molecule orientations. The water molecule placement was assigned as shown in Figure S1 in accordance with previous work. 1 It has previously been shown 1 that such a model reliably reflects the spin density distribution of the active site semiquinones. In addition, calculations were also performed on 2-and 3-methyl substitutued forms as described in the text and the models used for these calculations are shown in Figs S1(b) and S1(c). For all models the 13 C isotropic hyperfine coupling for the 2-methoxy group was calculated using density functional theory (DFT) at the B3LYP/EPR-II level. The C m O m C 2 C 1 dihedral angle was varied in steps of 20° from -180 to +180 degrees while all other geometrical parameters were fully optimised. A similar calculation for the oxidised form allowed us to calculate the electron affinity as a function of this dihedral angle.
All calculations were performed using the Gaussian 09 package. 
